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Introduction 
An understanding of the influence of soil chemistry on soil hydraulic properties is of critical 
importance for the management of sadie soils under irrigation. The hydraulic conductivity of sadie 
soils has been shown to be affected by properties of the applied solution including pH (Suarez et a/. 
1984), sodicity and salt concentration (McNeal and Coleman 1966). The changes in soil hydraulic 
conductivity are the result of changes in the spacing between clay layers in response to changes in soil 
solution chemistry. While the importance o f  soil chemistry in controlling hydraulic conductivity is 
known, the exact impacts of sodic soil amelioration on hydraulic conductivity and deep drainage at a 
given location are difficult to predict. This i s  because the relationships between soil chemical factors 
and hydraulic conductivity are soil specific and because local site specific factors also need to be 
considered to determine the actual impacts o n  deep drainage rates. 
In the Lower Burdekin a large proportion of the irrigated soils are sadie clay soils and gypsum has 
been used widely to treat these soils. In order to be able to predict the influence of sadie soil 
amelioration on hydraulic conductivity and deep drainage, information about the local soils and 
irrigation management practices is needed. This information includes: soil physical and chemical 
properties; the relationship between soil chemistry and soil hydraulic conductivity; and local soil 
management, irrigation and rainfall conditions. 
Methods and Materials 
The approach used in this study consisted of soil physical and chemical analyses, controlled laboratory 
experiments and numerical modelling. Physical and chemical analyses of local so die soils were used 
to obtain information about the current soil properties, laboratory experiments were used to determine 
the relationship between soil chemistry and soil hydraulic conductivity and numerical modelling was 
used to make predictions about the potential impacts of sadie soil amelioration on soil properties and 
deep drainage rates. 
A series of column leaching experiments were conducted with soil packed into Perspex columns at a 
bulk density of 1.40±0.01 g/cm3• Gypsum solutions or salt solutions were applied using a constant 
head apparatus and the hydraulic conductivity was calculated using the measured flow rate and the 
hydraulic gradient. 
HYDRUS-!D (Simunek et a/. 2005) was used for the numerical modelling. This model has the 
advantage that the impacts of soil chemistry o n  soil hydraulic conductivity can be simulated using the 
functions of McNeal and Coleman (1966) and Suarez et a! (1984). In the preliminary model testing 
phase, models were developed that represent the laboratory column experiments to determine whether 
the trends observed in the laboratory could be simulated using HYDRUS. Subsequent modelling 
efforts focused on determining the influence of local soil properties, deep clay layers, varied gypsum 
application frequencies and large amounts of rain during the wet season on deep drainage rates. 
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Results & Discussion 
The sadie soils sampled from irrigated fields in the Lower Burdekin were found to be in the strongly 
sadie category based on Australian soil classifications (Northcote and Skene 1972). Clay contents 
greater than 60% were measured and the clay mineralogy was found to be dominated by kaolinite, 
illite and smectite. 
When a gypsum solution was applied to these soils in the laboratory experiments, the hydraulic 
conductivity increased by an order of magnitude as the soil sodicity was reduced. It took at least three 
weeks for the maximum hydraulic conductivity to be reached. These trends were able to be simulated 
using HYDRUS-ID. 
Further modelling using HYDRUS-1D focussed on simulating the processes occurring in a deep sadie 
clay profile and considering the influence of rainfall, evaporation and different amelioration strategies. 
The modelling results demonstrated that even when the soil sodicity was decreased only in the root 
zone in response to gypsum applications, deep drainage rates below the upper I 0 metres of the 
unsaturated zone were still increased when compared to the case without gypsum applications 
(Figure 1). Where gypsum was applied, the greatest increases in deep drainage rates occurred 
immediately after the wet season. 
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Figure I: Deep drainage at 10 m depth with and without gypsum applications. 
Conclusions 
Laboratory experiments have demonstrated that gypsum applications can cause increases in hydraulic 
conductivity of up to an order of magnitude. HYDRUS modelling showed that when gypsum was 
applied once, sodicity only decreased at the top of the soil profile but deep drainage rates still 
increased following the wet season. It is likely that continued applications of gypsum to sadie soils in 
the Lower Burdekin would increase deep drainage rates and contribute to local rising groundwater 
levels. HYDRUS modelling results have shown that the frequency and duration of seasonal rainfall 
play an important role in controlling deep drainage rates following gypsum applications. 
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